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Abstract: Nondestructive optical methods based on image analysis have been used for determining quality of tomato fruit.  
It is rapid and requires less sample preparation. A samples of fresh tomatoes were picked at different maturity stages, and 
determining chromaticity values (L*,a*,b*,a*/b*,h˚and ΔE) by image analysis and colorimeter. Total soluble solids (TSS), 
were measured by refractometer, lycopene extracting and expressed as mg/kg fresh tomato (FW). Results indicated that, 
during ripening both L*, b*, h˚, and ∆E tendency to decline, opposite tendency was determined with a*, a*/b* ratio, TSS and 
lycopene content. Chromaticity values have an important impact in internal quality parameters. Where, avg. of TSS, entire 
class and lycopene content had a positive linear correlation with a*/b* ratio.  Contrary correlation was determined between 
avg. of TSS, entire class and both h˚ and ∆E. Meanwhile, h˚ and ∆E, had a negative logarithmic correlation with lycopene 
content. On the other hand, there were positive correlation between chromaticity values performed by image analysis 
technology and colorimeter. Where, on determining avg. of TSS, entire class, and lycopene content, correlations were linear 
with a*/b* ratio, and logarithmic with ∆E.  Meanwhile, h˚ had alogarithmic correlation on determining avg. of TSS, entire 
class, and exponential correlation on determining lycopene content. 
 
Keywords: tomato, image color analysis, chromaticity values, internal quality, TSS, lycopene content 
 
Citation: Saad, AbdelGawad, Ayman Ibrahim, and Nazeer El-Bialee. 2016. Internal quality assessment of tomato fruits using 
image color analysis. Agric Eng Int: CIGR Journal, 18(1):339-352. 
 
1  Introduction 1  
Fruits and vegetables (F&V) play an important role 
in the human diet. Tomato (Lycopersicon esculentum) is 
known as one of the most popular fruit worldwide. It is a 
rich source of fiber, vitamins A & C, lycopene and an 
excellent source of healthy nutrients. Consumption of 
tomato has been associated with decreased risk of some 
cancers, cardiovascular, osteoporosis and chronic disease. 
(Takeoka, et al., 2001; Chang et al., 2006; Beckles, 2012; 
Bhowmik et al., 2012). 
Egypt is the fifth largest tomato producer in the world 
followed by China, USA, Turkey and India. Whereat, it 
occupy about 212,946 hectares with an annual production, 
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about 6,5Tg  5.21% of global production (FAOSTAT, 
2015). 
F&V quality is very important to the consumer, as 
well as, the producer.  Whilst, There is ample evidence 
indicating that flavor and skin color are the two most 
important attributes of tomato for customer evaluation 
(Domis and Papadopoulos, 2002; Batu, 2004).  Rather, 
total soluble solids 'TSS' plays a role to the overall flavor 
of tomatoes (Lenucci et al., 2008), and lycopene (C40H56) 
is a pigment imparts deep red color of a ripe tomato (Wold, 
2004; Olives-Barba et al., 2006; Ibitoye et al., 2009; Garg 
and Cheema, 2011).  Thus, TSS and lycopene contents 
are widely used as a maturity index and assessing tomato 
quality (Anthon et al., 2011).  
On the basis of external visual color, USDA 
established six ripening stages of tomato which are 
reflecting human ability to discriminate ripeness. Where, 
the green stage, which fruit skins are completely green; 
breaker, less than 10% of fruit skins in red color; turning, 
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more than 10% but less than 30% of fruit skins in red 
color; light red, more than 60% but not over 90% red color 
in fruit skins; and red, over 90% of fruit skins in red color 
(CFR,1991).  
On the other hand, the colorimeters are used to 
measuring L*, a* and b* values.  Where, value L* 
(Lightness) indicates the ratio of white to black color, 
value a* (color index) - the ratio of red to green color, 
value b* (yellowness index)- the ratio of yellow to blue 
color (LópezCamelo and Gómez, 2004; Radzevičius et al., 
2009). Otherwise, lycopene content, correlated with the 
fruit color, L* and a*, producing the best regression, it had 
inverse and direct relations with them, respectively (Arias 
et al., 2000; Polder et al., 2003; Helyes et al., 2006; Chen, 
2008). Furthermore, color changes in tomato are 
commonly recorded as a*/b* ratio (Gómez et al., 2001).  
Likewise, Hue angle is another indicator that has been 
widely used to express tomato color changes, because it is 
more simplicity detected than variations in chroma or 
lightness (Choi et al., 1995; López Camelo and Gómez, 
2004).  Recently, color difference (ΔE), has been used in 
tomato (Yang et al., 1990), and in many ISO procedures 
such as 12647-2 for process control in the production of 
halftone color separations (Habekost, 2013).  
Analytical quantification of quality parameters is 
based on complex processing of samples, destructive, 
include a considerable amount of expensive chemical 
reagents, labour and time consuming and so on  
(Szuvandzsie, et al., 2014).  In recent years, 
nondestructive optical methods based on image analysis 
have been developed for determining quality of F&V, 
since it requires less sample preparation, do not disturb the 
product, cost effective and rapid technique (Shao et al., 
2007).  Wherever, nondestructive methods 'NDM' 
depending on predicting internal quality parameters based 
on external properties "visual color skin" (Peirs et al., 
2005; Xie et al., 2008; Makino et al., 2010; Yang, 2011; 
Ecarnot et al., 2013).  
In the last decade, image processing and machine 
vision techniques have been found, increasingly used in the 
F&V industry, especially in quality inspection, grading and 
sorting applications. The main objective of image 
processing is to enhance the appearance of images and to 
increase specific details that will be utilized for further 
interpretation (LópezCamelo and Gómez, 2004).  It has 
been used to objectively measure the color of different 
foods (Scanlon et al., 1994; Segnini et al., 1999; Papadakis 
et al., 2000; Chen et al., 2002; Brosnan and Sun, 2004; 
Mendoza and Aguilera, 2004; Pedreschi et al.,2004; 
Bennedsen and Peterson, 2005; Ibrahim, 2012). Also, image 
processing techniques employed to estimate the yields of 
fruits such as citrus fruits  (Hannan et al., 2009; Kurtulmus 
et al., 2011), apples (Wang et al., 2012;  Zhou et al., 2012), 
peaches (Teixidó et al., 2012; Kurtulmus et al., 2014), 
mangoes (Payne et al., 2013; and 2014) and grapes (Nuske 
et al., 2011; Diago et al., 2012). In addition, a computer 
vision system based on image processing for sorting and 
classifying dates fruit according to color, Ibrahim et al., 
(2014) recommended that, appearance of dates can be 
linked to sugar content, moisture and acidity of dates fruit 
through the color tone and saturation. 
Therefore, the aim of the present study is to 
determine whether, chromacity values could be useful for 
estimating tomato TSS and lycopene contents to an 
acceptable degree of accuracy. Also, establish relation 
between chromaticity values performed by image and 
colorimeter, and classify tomato according to maturity 
stage by estimate the color degree of tomato fruit. 
2  Materials and methods 
2.1 Materials 
A sample of 155 fresh tomatoes (Master 100 hybrid 
variety), were picked at different maturity stages during 
summer season 2014,  from open field farm at 35°C ± 
5°C, located in  El-Noubareya region, El-Behiara 
governorate, Egypt.  At 30˚ 40'N latitude and 30˚ 04'E 
longitudes and at an altitude of 12m above sea level, and 
brought quickly to the laboratory of National Research 
Center (NRC). 
2.2 Methods 
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Color parameters (L*, a*, b*, a*/b*, h˚, and ΔE) and 
quality (TSS and lycopene) were measured and 
determined immediately after picking.  Samples with 
uniform size and free from damage and fungal infection 
were rinsed using fresh water, then dried by tissue paper, 
and equilibrated at room temperature (25–27˚C, RH 70%) 
approximately two hours before data acquisitions. 
Fruits sorted into three main classes „mature green- 
intermediate and advanced‟ includes six ripeness stages 
based on their external visual color, designated  green - 
breaker, turning – pink and light red – deepred.  
Color parameters of tomatoes in terms of L*, a*, b* 
values were measured using HunterLab mini Scan XE 
Plus colorimeter (Model 45/0-L, USA), previously 
standardized using a black and white calibration tiles 
provided with the instrument.  Hue angle (h˚), calculated 
according to the equations as seen below (Anonymous, 
2006). 
h˚= arctan 





a
b
…………………          …..(1) 
Meanwhile, by using true red color as a reference 
color (coordinate: L* = 50, a*= 60 and b* = 0), color 
difference (∆E) calculated according to the following 
equation (LópezCamelo and Gómez, 2004). 
ΔE =      222 *b60 - *a50 - L    …….…(2) 
The volumes L*, a*, and b* are measured in NBS 
units.  It is a unit of the USA National Standard Bureau 
and equivalent to one threshold of color distinction power, 
i.e. the least distinction in color, which the trained human 
eye can notice (HunterLab, 1996).  Where, hue angle (h˚) 
measured in degrees from 0 to 360˚. Each color record was 
an average of four measurements of every tomato fruit (two 
at the distal area and two under equatorial zone in different 
fruit directions).  
For acquiring images, the vision system based upon a 
calibrated digital camera was used and designed by 
Ibrahim (2012).  It consists of an illumination box 
contain with two parallel lamps (two fluorescent tubes in 
each lamp, Natural Daylight, 20W/965, Toshiba), and 
color temperature of 6500K (D65, standard light source).  
The digital camera (Model SXY-I30 equipped with 25 mm 
lens 2/3ʺ Mega-Pixel) was situated vertically at 40 cm 
above tomato sample with 45˚(angle between the camera 
lens and lighting source axis). In order to, image analysis, 
all the algorithms of acquired images, preprocessing of 
full images, segmentation from the background (binary 
image), and color analysis were written in MATLAB 2013 
(The MathWorks, Inc., USA). 
To determine quality parameters (TSS and lycopene), 
after measurements of color and imaging, each tomato fruit 
was cut into two equal pieces and extracted juice from 
every piece by using manual stainless steel squeezer.  The 
resultant of tomato slurry was filtered through muslin fabric 
and then used to determine TSS and lycopene.  
TSS expressed in ˚Brix, was measured using portable 
digital refractometer (ERMA, Japan), with a scale of 0–32 
˚Brix (least count 0.2°Brix) at room temperature (25˚C), 
by placing 1 to 2 drops of juice on the prism.  Between 
samples, the prism was washed with distilled water and 
dried by blotting paper before reuse. 
Lycopene extraction was performed as in Ranveer et 
al., (2013), by using 4± 0.01g of filtered tomato juice 
deposited into a 200ml, flask wrapped with aluminum foil 
to keep out light.  A 100 ml., mixture of 
hexane-acetone-ethanol, 2:1:1(v:v:v), was added to the 
flask and agitated continuously for 10 min, on a orbital 
shaking incubator, after that, 15 ml of water was added 
followed by another 5 min of agitation.  The solution was 
then left to separate into distinct polar and non-polar 
layers and filtered using filter paper (Whatman grade 42). 
The absorbance of filtered hexane (upper) layer, was 
measured in a 1 cm path length quartz cuvette, at 503nm 
by UV/VIS Spectrophotometer (SHIMADZU, Japan, 
Model UV-1800), versus a blank of hexane.  lycopene 
concentration expressed as mg/kg fresh tomato (FW), and 
calculated by the following equation.(Kumar et al., 2013)  
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Lycopene (mg/kg FW) =
 
 
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55.0100
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



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A503×42.9…                               ….(3) 
Where:  
A503 : absorbance value of the sample extract at 
503nm;   
536.9×10
3
 : molecular weight of lycopene (mg/mole); 
100 :  volume of mixed solvent (ml);  
0.55 : volume ratio of the upper layer to the mixed 
solvents;  
4     : mass of tomato added (g);  
17.2×10
4
 : Molar extinction coefficient ( i.e., the 
theoretical absorbance of a 
1%
cm 1E  -1% solution in a 1-cm 
path) of lycopene, M
-1
.cm, (peak = 3120 in hexane, at 50 
nm.)  (Choudhari and Ananthanarayan, 2007; Strati and 
Oreopoulou,  2011). 
Each sample of fresh tomato was extracted twice in 
triplicate analysis, yielding six results for each fresh 
tomato. 
Measures of dispersion (range, Min., Max., SD and 
CV), central tendency (average), predicted equations and 
correlation coefficients were calculated and graphically 
using MS Excel (version 11). 
3  Results and discussion 
Samples divided into three main classes, includes six 
ripeness stages based on their external visual color, 
according to the USDA standards. The definitions of them 
are described pictorially in Table 1.
Color index (a*) and yellowness index (b*) value, by 
colorimeter ranged from -6.66 to 39.36 and 20.86 to 50.82, 
respectively.  Meanwhile, by image ranged from -14.09 
to 37.91 and 10.24 to 48.90., respectively.  They were 
presented on model CIE L*a* b* color space model 
(Figure1 A and B). While, other color indexes (L*, h˚, and 
∆E) and lycopene content (mg/kg FW) values of tomato 
fruit, and statistical details (e.g Min., Max., SD and CV), 
at different stages, were presented in Table 2 and Figure 2. 
Major changes in L*, a*, and b* were occurred 
between stages 2, 3, and 4 of tomato ripening. Also, color 
index (a*) and a*/b* ratio increased with a higher 
percentage of red color.  L* decreased slightly during 
ripening stages, reflects darkening of tomatoes with 
carotenoid synthesis and the loss of greenness.  
The a* component showed the most obvious change. 
Slender changes were observed when fruits were still 
predominately green (mature green to breaker) or red 
(light red to deep red), but there was a sharp increase 
between stages 2 and 5 (breaker to light red) with a* 
changing from negative (green color) to positive (red color) 
values, as a consequence of both, chlorophyll degradation 
and lycopene synthesis.
  
Table 1. Samples classes and maturity stages definition based on their external visual color 
 
 
 
 
 
 
   
Stage Green Breaker Turning Pink Light red Deep red 
Class Mature green Intermediate Advanced 
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The b* values increased through the first three 
maturity stages of the tomatoes and after the four maturity 
stage decreased, the values were higher at the pink-light 
red stage. This may be related to the fact that ζ-carotenes 
(pale-yellow color) reach their highest concentration 
before full ripening, where lycopene (red color) and 
β-carotene (orange color) achieve their peaks. The a*/b* 
ratio is often used as an indicator of color development in 
tomatoes. It increased with a higher percentage of red 
color, and produced a good linear regression with the 
maturity stages of the tomatoes. Similar behavior was 
observed by Arias et al.,(2000); Polder et al.,(2000); 
LópezCamelo and Gómez, (2004); Periago et al.,(2009); 
Vazquez-Cruz et al.,(2013). Analysis of calculating 
ripening indexes indicated that h˚and ∆E were essentially 
expressing the same.  In all these cases, differences 
between visual ripening stages were significant, showing 
h˚ a higher range of values and, like ∆E, a negative trend 
(Radzevičius et al., 2008).
  
 
(A)                              (B) 
Figure1  Samples coloridentity. A) by colorimeter and B) by image 
 
Figure 2  Mean values of chromaticity values L*, a*, b*, a*/b*, h˚ and ∆E at different ripening stages,  
A) by colorimeter and  B) by image 
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The study showed that, generally, there were two 
important invents. First, that TSS tends to increase as the 
ripening proceeds.  The average of TSS was 4.28 ˚Brix, for 
the green stage, and the concentration reached at the final 
ripening stage (red) was 4.58 ˚Brix. Thatchange was a 
natural phenomenon occurring during ripening and 
correlated with hydrolytic changes of starch concentration 
during ripening.  Also, increasing concentrations of macro 
elements, resulting in the increased TSS of tomato fruits. 
Over and above, average value of TSS (˚Brix) entire class 
had a linear positive correlation with repining stages, with 
correlation coefficient value (R)  0.99.  These results 
could agree with Kays, (1997); Lin and Glass (1997); 
Sammi and Masud (2007). These obvious facts were 
illustrated in Figure 3.
  
Table 2 Color index value of tomato fruit at different stages, performed by colorimeter and image, and 
lycopene content (mg/kg FW) 
Class Mature green   Intermediate Advanced 
Stage Green Breaker Turning Pink Light red Deep red 
C
o
lo
ri
m
et
er
  
L* 
Min. 71.09  62.2   55.52   46.95   31.42   37.52  
Max. 76.63 74.48 67.99 57.08 55.17 45.73 
SD 1.56 2.86 2.78 5.42 4.55 2.13 
CV 2.12 4.15 4.51 4.59 9.58 5.098 
h˚ 
Min. 90.33  78.37  59.69  48.14   37.09  33.59  
Max. 103.24 93.30 77.19 59.13 56.38 44.12 
SD 3.33 4.56 5.13 2.86 4.76 3.25 
CV 3.36 5.46 7.44 5.21 10.15 8.47 
∆E 
Min. 73.06 67.44 54.49 45.99 37.29 35.07 
Max. 75.43 76.14 68.69 55.75 54.41 42.74 
SD 0.72 2.67 3.73 2.53 4.16 2.14 
CV 0.96 3.79 6.00 4.84 9.18 5.57 
Im
ag
e 
  
L* 
Min. 49.22 46.90 46.09 43.15 41.84 37.29 
Max. 56.00 56.94 55.24 53.33 52.75 49.53 
SD 2.27 2.50 2.00 2.75 2.01 2.60 
CV 4.31 4.74 3.91 5.58 4.30 5.96 
h˚ 
Min. 94.56 77.24 62.05 52.02 42.09 20.17  
Max. 101.22 97.13 81.39  65.33 59.08 42.77 
SD 1.67 4.59 5.04 3.13 4.30 5.16 
CV 1.71 5.44 6.98 5.19 8.81 13.33 
∆E 
Min. 72.34 75.12 63.67 57.45 49.12 41.60 
Max. 77.69 82.95 76.48 67.21 65.43 49.03 
SD 1.74 2.31 3.29 2.32 3.74 2.26 
CV 2.29 2.98 4.63 3.64 6.85 4.90 
Lycopene content 
(mg/kg FW) 
Min. 0.51 2.46 5.42 8.77 10.95 26.84 
Max. 8.99 22.02 29.42 33.93 36.18 40.99 
SD 2.21 3.78 5.93 2.73 5.30 4.19 
CV 87.97 44.64 37.21 11.95 19.54 12.03 
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Second, there were not any correlated relation 
between avg.TSS, and any chromaticity values of raw data.  
These results contrary to Ibrahim et al., (2014). Where, 
they found that, color analysis of date fruit can be linked to 
the sugar content through the color tone and saturation for 
date fruit. 
Meanwhile, after classified samples into six classes, 
several correlations were found between avg. TSS (˚Brix) 
entire class, with the color parameters a*/b*, h˚, and ∆E., 
performed with the colorimeter and image as seen below 
Figure 4 A, B and C. On the other hand, Figures 5D, E and 
F, show the correlation between each color parameter 
performed by colorimeter and image. As well as, previous 
relations were fitted to the following equations;   
Equation  R2 
Avg. TSS (˚Brix)  0.205 (a*/b* Colorimeter ) + 4.34 0.981 
Avg. TSS (˚Brix)   0.201 (a*/b* Image ) + 4.41 0.982 
Avg. TSS (˚Brix)  - 0.0048   rColorimeteh + 4.76 0.986 
Avg. TSS (˚Brix)  - 0.005  Imageh + 4.79 0.989 
Avg. TSS (˚Brix)  - 0.0077 (∆E Colorimeter)+ 4.89 0.970 
Avg. TSS (˚Brix)  - 0.0083 (∆E Image) + 4.99 0.916 
a*/b* Image   1.02 (a*/b* Colorimeter ) - 0.35         0.998 

Imageh   61.67 Ln   rColorimeteh  - 187.35                             0.998 
∆E Image 47.72 Ln(∆E Colorimeter) - 127.01 0.989 
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Figure 3  Relation between repining stages and avg.TSS (˚Brix) entire class 
 
(A) 
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346    March, 2016         AgricEngInt: CIGR Journal Open access at http://www.cigrjournal.org                 Vol. 18, No. 1  
 
Figure 4. Relation between avg. TSS (˚Brix) entire class 
and color parameters, were A) a*/b* ratio, B) h˚, and C) 
∆E 
 
 
 
Figure 5. Correlation between color parameters performed 
with colorimeter and image, where, D) a*/b* ratio, E) h˚, 
F) ∆E 
 
The results of our investigation established that 
lycopene content (mg/kg FW) during fruit ripening 
significantly increased. The lowest concentration of 
lycopene  0.51 mg/kg FW., found in green fruit at mature 
green class. Meanwhile, The highest concentration of 
lycopene  40.99 mg/kg FW., found in deep red fruit at 
advanced. Otherwise, average value of lycopene content 
entire class had a linear positive correlation with repining 
stages with R  0.99. These obvious facts were illustrated 
in Figure 6. This result was superior with Radzevičius et 
al., (2009); Saad et al., (2014); Saad et al., (2015).
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Obtained results show clearly that, with exclusion 
mature green class (green and breaker stage), there were a 
roughly linear positive correlation between lycopene 
content (mg/kg FW) and a*/b* ratio for both colorimeter 
and image. Rather, lycopene  22.649 (a*/b*Colorimeter) + 
6.0232  22.809 (a*/b*Image) + 13.846, with R  0.965, and 
0.954, respectively.  Figures7A and B. 
The results show clearly that, not all relationships 
between lycopene content and other chromaticity values 
(h˚ and ∆E) were positive and linear. Contrary to the 
former relation, there was a negative correlation between 
lycopene and h˚. Where, external color was expressed in 
terms of h˚. It is an angular measurement in the quadrant 
between the a* and b* axes. Results recorded that, there 
was a logarithmic correlation between lycopene content 
(mg/kgFW) and both

rColorimeteh and 

Imageh . Where, 
lycopene  -32.149 Ln   rColorimeteh +151.29, with R 
0.9328, Figure 7C.  
Moreover, correlation coefficient increased from 
0.579 to 0.878 during coloring and transition from turning 
and pink stages to maturity (light red, and deep red). 
Meanwhile, Figure 7D illustrated that, lycopene  
-31.139Ln  Imageh  + 148.96, with R  0.903.  
Anywhere, R increased from 0.579 to 0.887 during the 
transition from turning and pink stage to full ripeness. 
Also, results presented in Figures 7E and F show that, 
there were negative logarithmic correlations between 
lycopene content and both ∆E Colorimeter and ∆E Image, with 
(R)  0.8664 and 0.8254, respectively. Where, lycopene  
-38.17 Ln (∆E Colorimeter) + 173.36  -41.322 Ln (∆E Image) + 
192.79. 
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Figure 6. Relation between repining stages and avg. lycopene content (mg/kg FW) entire class. 
 
(A) 
(B) 
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Figure 7. Relationship between lycopene content (mg/kg
 
FW) and; A) a*/b* Colorimeter ratio, B)a*/b* Image ratio, C) 

rColorimeteh , D) 

Imageh , E) ∆E Colorimeter, F) ∆E Image 
 
These previous essentials resulted in different 
positive correlations between chromaticity values (a*/b* 
ratio, h˚ and ∆E) performed by colorimeter and image, 
respectively. This correlation was a linear correlation 
between a*/b*Image ratio and a*/b*Colorimeter ratio.  Where, 
a*/b*Image = 0.9365 (a*/b*Colorimeter)- 0.3027, with R  
0.966.  Meanwhile, it was an exponential correlation 
between 

Imageh and 

rColorimeteh .  Where, 

Imageh = 
1.1903   9698.0rColorimeteh , with R  0.97.  Finally, it was 
a logarithmic correlation between ∆E Image and ∆E Colorimeter.  
Where, ∆E Image =49.794 ln (∆E colorimeter) – 134.58, with R  
 0.937, as described below in Figure 8 A, B, and C.  
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Figure 8. Correlation between chromaticity values 
performed by colorimeter and image where; A) a*/b* ratio, 
(B) h˚, and C) ∆E 
 
4  Conclusions 
Chromaticity values and internal quality parameters 
were changed during ripening. L*, b*, h˚, and ∆E 
tendency to decline. Opposite tendency was determined 
with a*, a*/b* ratio, TSS and lycopene content. In this 
work, chromaticity values showed to have an important 
impact in internal quality parameters (TSS and lycopene 
content). Further, it can be concluded that there was a 
good correlation between chromaticity values performed 
by image and colorimeter, and can estimate lycopene 
content during tomato maturity stage by them. 
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